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Summary
,. —..-.

Thisreportr,containsthelift,drag,andinomentcharacter-....
“isticsof taperedClazkY, G~tti.ngen39S,andU,S.A~45 airfoils

.’
as obtainedfromte6tsmadein the#ariable-JX%sityF?~ndfinnel .-

. .
of theNs,iionalAdvisGryMmnitteeforAeronautics.TQeresults

aregivenatbothlowandkighReyncldsIW@oersto showscale
-...

effectandtoprovidedataforuse in airplanedesign. .--rm
. . .

In t r o due t i on

In thelastfewyearstape~edwingshavebeeilusedin in-,,
Creasiilg.,numbexs.Therehas,however,beenno corresponding“

inoreasein tilestudyof theiraerodynamiccharacteristics.

~ Someearlytest~to determinethecharacteristicsof thickaid

taperedairfoilsare,report”edin~eferences1, 2, arid3, andthe

-.

.. -

-.
—

-----
--

.,
resultsof additionaltestsaregiven’i’ntheseriesofN,A.C,A. ..—
reportsentitledllAerodynamicC@.racteristicsof Airfoils.11

Theseteats,however,were co~aratively few,andweremadeat

lowReynoldsNumbers,withtheexceptionof oneon theN;A.C,A.-..,..___L
81-Jairfoilmadein theXariablwl%nsityWind!2hnnel.

——_.- —___—_..



2 N.A.C.A.Technical

?3ecauseof thislackofdata,

fromairplanemanufacturers,tests

li~teHo.367
●

andinresponsetorequests a
of threetaperedairfoils

Y“weremadein”’theariable-~ensityfind&el. tieairfoils”

chosenweretheU.S.A.45,a model”ofwhiohhadbeenpreviously

testedat MassachusettsIn~tituteof Technology,andtwoothers

havingas theirbasicprofilestheClexkY andG8ttingen398

sections.~~eairfoilsweretestedathighvaluesof theRey-

noldsiJumbertoprovidedataforuse inairplane

alsoat comparativelylowvaluesof theReynolds

possiblethedeterminationof thescaleeffect.

design,and

Numbertomake

me dataon

~caleeffectwillbe rmefulin estimatingthehighReynoldsYum-

bercharacteristicsof othertaperedairfoilstestedin other

Descriptionof Airfoils
●

Thegeneraldimensionsof theairfoilsaregivenon Figure

1. Itwillbe notedthatallthemodelsareof aspectratio6. /

FortheClarkY andG/!ttingen398,theratiosof thetipchord

to thecenterchordandthetipthicknessto thecenterthick-

ilessare0.5and0,2,5,respectively.Thecorrespondingvalues,.
fortheU.S.A.45are0.6and0.36.

In thedesignof thewingsgeometrictwistwaseliminated -.--

by placingthechordsof allsectionsalongthesenispanin a

plane. Theprofilesof theOlarkY andG8ttingen398werede- ,
rivedby thickaning,andthiilningfroqt~.eman camberlineof..tho_ _.

t
●
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.,.
standardsections.Theresultingprofilesvaryalongthespan,

as indicatedby theendviewsof Figures3 and4. Themeancam-

ber lineof eachsectionalongthespanis geometricallysimilar

to thatof”thestandardsection,andas theshapeof thenean

camberline-determinestheiaomentcoeffi.ciei~taboutthequarter
.,.,

chordpointand”t~e’angleof zerolift,thesevalueswillbe
.:.., .. .

approximatelythesameforthetaperbdwingas fora rectantimlar

wing‘navingthesamebasicprofile.~~ thereis no geometrio

twistandtilC~Lean camberlinesof allsectionsaresimilar,
,,. ,.. ..... ...... .. .. ...

aerody&mictwistis el”iminatkd;”‘thatis,”’~1sectionsalongthe
:.-. ,-. :.;..... ................

spanbegin-to liftat the”’s&e titie.“Perthe~e’SC’Ao45-airfoil, “’
:. ,..,. . . .. . -. ,. -

however,thetipordinatesivbre.found”byrnultip~yiilgtheordi-
,+ ,-.

natesof thece~tersecticniriper centof chord”by0.6. There-““
..

fore,themeancsxifierlinesof thecenteratidtipsectionsare
.. . . —

. . . . . .. . . . ,.,.
not similai,andthewing‘has”aerodynamictwist.

) All.theairfoilshavethenaxipnunuppersurfaceordinates

in a planepszallelto thechords,whichresultsiilan effective
,..

dihedral(elevationview’ofFig.1). As shoinin theplanview
.

of Figure1 andtheendviewsof Fi~res 3, 4, and5, thequar-,.- .. —

terchordpointsof allsections(s&eti~e8”referredto as the
..... .. . .

. aerodynamiccenters)liein aplane _per?e~dic&xto theplane
,..- ,.

of symmetry.

In theconstructionof theairfoils,‘te~pl{teswereplaced

.atthecenterandtips. Tll~es~face:was%he~’cutto a straight
:. v

edgesetbetweencorrespondingstations’oftfietemplates.The
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airfoilsweremadeof mahoganyandfinishedwithvarnish.After ,

completionof thetests,theordinatesof theairfoilsweremeas-
-

uredat sections@inchfromtherootandtip,andtherootand. —

tipordinatesweretheildeterminedby extrapolation.Eothspec-

, ifiedandmeasuredordinatesare@ven in TableI. Thedevia-,.
tions.betweenthespecifiedandl~easuredordinatesweretoo

sml.1to affecttheaerody,namiocharacteristics.

ApparatusantiTests

A descriptionof thetunnel~andof themethodof operation

d
‘Nis givenin eference5. Thetunneldescribedtherehassince

beenchangedinimanyrespects.~Ae arrangementat thetimeof

thesetestsis shownon Figure2, Lift,drag,andmomentwere .
~i~easuredforangles,of

atReynoldsNumbersof

Thedata,coryeoted

aregivenin twoforms.. .

attackfrou-6°~ to

approximately200,000and

R e SU1 t s

fortheinfluence

Plotsof thehigh

+24”~~

4,000,000. e

of thetunnelw:?,lls,

ReynoldsNumberdata

againstangleof attack.aregivenon Figures3, 4, and5. The

centerofpressureplottedon thesecurvesis measuredfromthe

leadingedgeof themeanchordandinpercentof themeanchord.

BothlowandhighReynoldsNumberdataaregivenin theformof

polarson l?igures6, 7, and8. Thenomentcoefficientisbased .

uponthe:~eanchordandisreferredto thequartermeanchord
●



●

● point,“ Th&lo-cationof themomentaxi6is,.shown.onFi=wres3,,

4, and.50 In thecalculationof *3o‘induced’dr~,parabolaplot-

tedon Figures~6,”7, and8, a factorhasbeenincludedto allow

fortheincyba’sein dragdue.tothevariationof spanloading.,

fromtheellip*ic&t(Refercace6,)A.A surmiaryof highReynolds

Ntibbichardctelisticsis giveriin ~ablcII to.facilitatethe

coupaxisonof tihe.airfoils.
,. ,.

“Discus’”si

3eforecompaxingtheaerodynamic

threeairfoils

Thedifference

butthe U.S.A.

thedifferencesin

inplanformtape~

45 is thirmerthan

.—e

i.

o n

charactez”isticsof the

their@apes shouldbe noted.

andthicknesstaperis snall~‘

theC&rk Y andC$ttingen39_8,._

A comparison{oft>ea.erodynqmiccharacteristicsfromTableII

show$thefollowing:. theorderof increasingCL KBXand ‘DOnin

is U.S.A’.45,,ClarkY, andG~ttingen398. Centerofpressure,.*.
.travelandiila~~mmL/!3improvein reverseorder. me U.S.A.

45 airfoilhas4?~ lessangularrargefromzeroto maximm.1 .-

liftthan!theClarkY andthe~tti&en 398airfoils.,.

It is of interestto comparethesedatawiththoseon the
.—

only othertaperedairfoiltestedin the%~iable ~nsity &.nel,

theI?.A.C.A.81-J. TileE.A.C.A.81.-Jairfoilhad thesaqeplan -

‘forrn.’taperas theGlar.kY andG~ttingen,398airfoils,but the

thicknesstaperwas.much,greater- fro~22.99percentto 5.~4

per cefit,andtheairtoilwaegivena geonetrictwist.of.5”-
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weremadein theoriginalx$riableJ3&nsityJ&&rnelat a Reynolds .:

N~rnberof3,440,000andgavethefollo}vingvalues:‘Lmax=
1.30, CDomin= O.O1O,,and CM at zerolift= -0.10.Although

somewhatdifferentchapacteristiosmight.requltfromtestsof

theN.A.C.,A.81-Jairfoilunderconditionssimilarto thoseun-

derwhichthethreetaperedairfoi,l~weretested,thedifference

is sufficiently

81-Jairfoilis

T~eeffect
\

largeto justifytheconclusionthattheN.A.C.A.

inferior,

of increaseofReynoldsNumberon thecharacter-

isticsof thethreetaperedairfoilsis favorable,andlargeron

the-mii~irnumprofile.dragcoefficientthanon themaximumlift

coefficient.Thehighscalemaximumliftcoefficients,as oom- ●

paxedwiththelowscalemaximumliftcoefficients,showan in-

creaseof5.8 percent,8.3percent,and12.3percentforthe
.
—.

U.S.A.45,G$ttingen398,andClarkY, respectively.Theminimum

profile-ragcoefficientsshowa decreaseof 46.7percent,37.7

percent,and40.0per cent,respectively.ThelowReynolds‘

Numberdataon theClarkY have.alsobeenusedforcomparison

withdatafzoma testof thessmemodelin the~mospherio#ind

finnel.” ThetestEIweremadeat apptioximatelythesameReynolds

lhuiberandagreeclosely,as shownon Figuxe.6.

Theeffectofplanformon thecharacteristicsof airfoils

maybe predictedby.aerodynamictheory.Accordinglx-thetheory ●

an elliptical.spanloading,whichmaybe obtainedby elliptical
e
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*

.

planfern,resultsin theminimuminduceddragandtheminimum

induoedangleof attack.Thesevaluesaxelowestfortapered
. . . . . ... . . . . .. . . ,. ... :. ..:

w“i”ngswhehthe-tipchordis””fromo~q-thizdto“one”-halfthec“en-,.,“ .,. ,.,,.,.,,
tralchord. Foraspectratio6, theinduceddragof a rectan~-,-... .,,...,:.,. ..,,.... .~ .,.
laxwing-is5’per.cent”mor’e.thafi..th~~tQf an ellipt’ic”~lwing,”.,. ,..

,. . .

whereastheinduceddragof an airfoilwith2 & 1 taper“isonly

1 percenthigher’th&itkat.05.&n ellipticalwi”ng.f
,,

fInord,ex)t~illustratethedifferencebet~~ee~the’&erody-,.. .’........ . .“ ,..
namiccha2actei?istics~.&ftiietap&ed”airfoil”~anda s“?aad=d-.. .-..
r(3C@IgUhr ~~fOil,the Ctia.cteristics of a“recta~~~ar‘ur~l-. . .. . .....#- ; :. ,--- ..
u31in C!l&rk Y-cii.rfoil, obtained;tzndezthesametthmelco”ndit~ons.- . ... -, .... ......”....... .. ...“’...... ..
as thoseof thetaperedairfoi.ls,’.azecompared”with”thetapered

airfoilc@rac~&risticsoh”l’igui?e~: Itwillbe-.sccn

minimumbag 0< therectangular.windis approxi~t~ly

oentlessthanthatof thetaperedwing. Inasmucha6

fileof therectangularwingis thinnertheathemean

.—

.-

thatthe .

20 per .
thepro- .,

section.

of thetaperedwing(Fig.10),therectangularwingwouldbe ,

expectedto havea lowerrzinimumdrag, Thedragof thetapered ,

wine,however,approac-hesthatof therectan.mlarwingas the

liftcoefficientis increased,probably

of thetaperedwingis mailer.

becausetheinduceddrag

Lan@eyMemorialAeronauticalLaboratory,
NationalAdvisoryOomaitteeforAeronautics,

LangleyField,VP.., Febru=y 10S 1931c

..
-
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Station
o

1-1/4

2-1/2

5.

7-1/2

10

15

20

30

40

50

60

70

80

90

95

100

H.A.C.A,Techn%calKqteNo.367

TABLZI

Ordinatesof Airfoils
TaperedCl=.——.

Center
Percentof Chord

—. —..
Specified

Ujjpcr
3.50

6.40

7.85

9.78

11006

12.07

13.53

14.42

14.85

14.47

13● 35

11.62

9.33

6.63

3.56

1.s9

0.15

Lower—.
+3.50

+0.98

+0.11

-0.94

-1.58

-2.05

-2.69

-3.02

-3.15

-3.07

-2.83

-2● 46

-1.98

-1.41

-0.76

-0.40

-0.03

Measured
.—

Upper.——

6.56

7.83

9.74

11.10

12.11

13● 54

14.38

14085

1A.41

13’.31

11.62

9.34

6.57

3.53

1.87

Lower

+0.97

+0.09

-0.94

-1.61

-2.08

-2,71

-3.08

-3.23

-3.12

-2● 90

-2,53

-2.07

-1.46

-0.75

-0.35

-v. L.

Tip
Percentof Chord

S-peoified—
-

Upper
3.50

5.04

5.92

7.10

7.90

8.54

9.47

10.06

10.35

10.03

9.30

8.10

6.50

4.62

2.48

1.32

0.11

Lower
3.50

2.34

2.06

1.74

1.58

1.48

1.37

1.33

1.35

1.32

1,22

1.06

0.85

0.60

0.32

0.17

0.01

Measured

Upper

5.06

6.00

7.18

7.92

8.55

9.50

10.06

10.44

10.11

9.32

8.10

6.53

4.68

2.57

1.42

Lower

1.74

1.62 ~

1.42

1.34

1.30

1.24

1.24

1.30

1.27

1.22

1.05

0.87

0.57

0.25

0.10
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Station
o

1-1/4

2-1/2

5

7-1/2

10

15
.

20
● 30

40

50

60

70

80

90

95

100

Ordinatesof Airfoils

TaperedG8ttingen398..—--.———.-.———.—..
Center I Tip

Percentof Chord Percentof Chord ““’” ‘
Specified

4
3.74

6.86

8.35

*

*

12.96

14.49

15.42

15,91

15.38

14.20

12.16

9.72

6.98

3.82

2.15

0.50

Lower
+3.74

+1.22

+0.33

-0058

-1.20

-1.44

-1.90

-2.08

-2.09

-1.79

-1.61

-1.31

-1.00

-0.64

-0.37

-0.23

-0.97
.—

I

Measured I Specified——.
Upper

6.94

8.38

10.43

11.90

13.04

14.57

15.40

15.93

15.44

14.16

12.16

9.71

6.98

3.85

2.18

——

I

‘ Upper

r

3.74

● 5.45

+0.41 6.35

-0.60 *

-1.15 *

-1.51 9.36

-1.86 10.40

-2.05I 11.04

-2.06 11.41

-1.89 11.09

-1.65 10,25

-1● 34 8.80

-1.03 7.04

-0.73 5.08

-0.41 2.77

-0.28 1.56

0.36
—

Lower
3.74

2.63

2.33

2.10

2.05

2.16

2.20

2.29

2.41

2.50

2.34

2.06

1.69

1.27

0.68

0.36

0.07

. *Theseordinateswereomittedbecausetheydidnot

Measured
Upper

5.70

6.58

7.80

8.70

9.43

10.38

11.03

11.40

11.3.0

10.20

8.82

7.03

5.05

2.83

1.62

.—
Lower

2.58

2.33

2.13

2.13

2.13

2.18

2.20

2.35

2.35

2.20

1.95

1.58

1.20

0.75

0.50

fairwith
theothers.

.
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*

Station—.
o

1-1/4,
2-1/2

7-1/2

.

.

.

d

10

15

20

;;

40

50

60

70

80

90

95

100
‘—

TABLEI (Cont!d)
. Ordinatesof Airfoils.—

TaperedU.S.A.45—— —

[

.—— _ ——
Center Tip

Percentof Chord Percentof Chord
SnecifiedI Measured I Snecified

U~er—-
1.63

4.00

5.31

7.49

9.09

10●20

11.”69

12.49
12.12
12.56

11.54

lC.13

8.44

6.54

4.48

2.29

1.15

J
0.00
——

Lqwer,
+1.63

+().25

-0.20

-O*74

-1●06

-2..30

-1.63

-z.79
I,qo

-1.96

-2000

-1.96

-1.79

-2,50

-1.09

-0.60

-0,30

0.00

W=

4s09

5.46

7.61

9.14

10.23

11.66

12c45

12.55

11.51

10.06

8.36

6.50

4.44

2.29

1.14

.—

Lower~Upper

I 0.98

+0.25‘ 2,’40

-0.20 3.19

-o● 74 4.49

-1.08~ 5.45

-1.32 6.12

-1.62 7.01

-1● 81 , 7.49

-2.01 7.54

-2● 05 6.92

-2.00! 6.0~

-1.81[ 5.06

-1.49 3.92

-1.08 2.69
_o● 57 1.37

-0.29~ 0.69

i 0.00

Lower—.
+0.98

+0.15

-0.12

-0.44

-0.64

-0.78

-0.98

-1007

-1.18

-1.20

-1.18

-1.07

-om90

-0.65

-0.36

-0.18

0.90

-.
—

Mea

L?P.IEx

2.50

3.26

4.45

5.40

6.14

7.16

7.66

7.56

6.94

6.07

5.10

3.97

J

2.79

1.57

0.91

ured
Lower

+() .o~

-0.20

-0646

-0.69

-0.82

-1●02

-1.13

-1.22

-1.24

-1● 22
)4bt

-1 s13

-0,91

-0.64

-0.26

-0.13
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TABLEII

CharacteristicsforReynoldsI?unfoer= 4,600,000

Maximumlift”ooeffi-
Cieilt.

Minimmprofiledrag
coefficient

L/D maximum

C.P.at CL,ma~(%)

C.P.at l/~CLMax
(%)

Anglefro-mzeroto
maximumlift

Clark Y

1.54

.0093

21.9

28

40

23.3°

Gdttingen398

1.61

.0101

20.9

30

44

24.2°

U.S.A.45

1,43

.0080

23.2

26

33

19● 80

.

.

r

.
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Fig.9 Comparisonof rectangularandtaperedClarkY
airfoils,
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